Abstract
The cold-sensing channel TRPM8 features Ca were applied, excised membranes were quickly transferred to a separate chamber at 24 °C.
175
Experiments were performed with membrane potential held from -100 mV to 100 mV using an Axopatch 200B amplifier. Signals were sampled at 10 KHz and filtered at 2 KHz. Data were 177 collected using the Clampex 9 software. desensitization at all. On the contrary, the acute desensitization became even more substantial at the degree of 70.0 ± 6.7 % (n = 9) and also reproducible upon repeated menthol applications (Fig.   269   3c&d) . Tachyphylaxis on the other hand, was greatly attenuated by PIP2 to only 32.7 ± 10.7 % (n 270 = 9, Fig. 3c&e ). Neither U73122 nor PIP2 had significant effect on the peak current amplitude 271 evoked by the first menthol application (Fig. 3f) however, significantly attenuated both acute desensitization (7.7 ± 3.6%, n = 10, Fig. 4c&d ) and 287 tachyphylaxis (18.4 ± 4.8%, n = 7, Fig. 4c&e ). There was no significant difference in peak 288 currents of the first menthol-evoked responses under different Ca 2+ buffering conditions (Fig. 4f) was not buffered so that tachyphylaxis was maximized. Under 300 this condition and in the presence of 1 µM BIM (Fig. 5b&g) or 100 nM okadaic acid (Fig.5c&g) , 301 tachyphylaxis was 39.7 ± 8.6% (n = 9) and 40.7 ± 8.1% (n = 9), respectively, significantly less 302 than the control without the inhibitors (Fig. 5a&g) . On the other hand, acute desensitization 303 remained strong and was not significantly affected by either inhibitor in the first menthol 304 application (Fig. 5b,c&f) . Acute desensitization reoccurred in subsequent menthol application 305 when PKC or protein phosphatase 1,2A was blocked (Fig.5b&c in comparison with Fig. 5a ).
306
Acute desensitization in second menthol application was 52.0 ± 7.8 % (n = 8) in the presence of 307 BIM and 44.5 ± 11.5 % (n = 7) in the presence of okadaic acid, not significantly different from 308 the degree of acute desensitization during the first menthol application (43.8 ± 5.9 %, n = 14). substantially attenuated to 21.2 ± 4.7% (n = 8, Fig. 5d&f ), while tachyphylaxis remained strong 318 (62.33 ±12.31 %, n = 8) and was not significantly attenuated (Fig. 5d&g) . Since PIP2 is essential 319 for the appearance of desensitization current upon repeated stimulation (Fig. 3c) , we included 320 both ophiobolin A (100 µM) and PIP2 (50 µM) in the recording solutions. Under this condition 321 both acute desensitization and tachyphylaxis were greatly diminished to 19.6 ± 6.5% (n = 10) and 322 11.3 ± 11.2% (n = 8), respectively (Fig. 5e&f&g) . Acute desensitization was unlikely mediated by 
334
Unitary currents of membrane patches showed a lack of outward rectification and single channel 335 conductances were 59.0 ± 2.9 pS with menthol (n = 7, 10, and 5for each holding potential at 100, 70, and 40 mV respectively) and 62.0 ± 3.1 pS (n = 5) measured at 15 °C (Fig. 6b ). TRPM8 channel 337 shows voltage-dependent increases in open probability with either 100 µM menthol (n = 7, 10, 5, 7, 338 and 5 for each holding potential at 100, 70, 40, -70, and -100 mV respectively) or 15 °C (n = 5) (Fig.   339   6c) . The voltage-dependent change of channel open probability mirrors the outward rectification 340 property observed in whole-cell TRPM8 currents described previously (McKemy et al 2002) .
341
With either menthol (n = 7, 10, 5, 7, and 5 for each holding potential at 100, 70, 40, -70, and -100 mV (Fig. 7a,b&c) . (Fig. 7e) , but mean closed time was significantly shortened from 107.9 ± 19.4 ms (n = 6) in the 354 absence of PIP2 to 7.2 ± 1.6 ms when PIP2 was present (Fig. 7f) (Fig. 8d) (Fig. 8e) . However, mean closed time was significantly shortened from 96.6 ± 14.5 ms (n = 363 7) in the control to 10.16 ± 3.15 ms (n = 7) with PIP2. Addition of Ca 2+ -calmodulin reversed the 364 mean closed time to 86.7 ± 25.6 ms (Fig. 8f, n = 7) . Dwell time of channel open could be best 365 fitted into a two exponential model and closed time was best fitted into three components for 366 control, with PIP2, and PIP2 plus calmodulin (Fig. 8f ). There were no changes of relative portions 367 of open time for either term (Fig. 8f&g left) . On the other hand, the portions of closed time 
402
The lack of recovery from tachyphylaxis in our DRG neurons could be due to a severe dialysis of 403 some intracellular components that are essential for PIP2 re-synthesis. Consistent with this idea, 404 tachyphylaxis of TRPM8 was largely prevented when PIP2 was included in our recording (Fig. 7) .
421
Acute desensitization of TRPM8 is highly sensitive to Ca (Fig. 9) . Future studies using point mutation are needed to further pinpoint the sites 445 that are critical for calmodulin binding and acute desensitization.
446
Different from acute desensitization, we found that tachyphylaxis was significantly 447 attenuated by inhibiting PIP2 hydrolysis or directly providing PIP2. This result is consistent with 448 the idea that PIP2 is essential in maintaining TRPM8 at the high functional state and also 449 identifies the specific role of PIP2 hydrolysis in TRPM8 regulation. PIP2 hydrolysis through 450 Ca 2+ -dependent PLC can cause a gradual reduction of PIP2 availability, which in turn switches the channel to the low functional state and thus tachyphylaxis (Fig. 9) 
455
Tachyphylaxis and the events that cause tachyphylaxis (e.g. PIP2 hydrolysis) may start occurring 456 along with the acute desensitization phase as evidenced by the slow and mild current decay in the 457 presence of calmodulin inhibitor ophiobolin A (Fig. 5d) . However, tachyphylaxis is kinetically following PKC activation may affect PIP2 availability or the affinity the TRPM8 channels for 468 PIP2, which could contribute to tachyphylaxis (Fig. 9) . We showed that the inhibition of PKC or 
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In both (a) and (b), each application was 30 s and intervals between each application was 10 min. 
